ABSTRACT An experiment was conducted to evaluate the effect of outdoor access days on growth performance, carcass yield, meat quality, and lymphoid organ index of a local chicken breed. In total, 864 twenty oneday-old male Suqin yellow chickens, with similar body weight (536 ± 36g), were selected and raised in indoor floor pens that measured 1.42 × 1.42 m (2 m 2 , 18 birds/ m 2 ) in conventional poultry research houses (36 birds per pen). Two hundred and sixteen birds were allowed outdoor access treatments at 21, 28, 35, and 42 d of age, respectively (access to outdoor for 35, 28, 21, and 14 days, respectively). Each treatment was represented by 6 replicates (pens) containing 36 birds (216 birds per treatment). In the outdoor access treatment, the birds had an outdoor free-range paddock that measured 3 × 8 m (24 m 2 , 1.5 birds/m 2 ). The body weight of birds at 56 d of age increased linearly with increasing outdoor access days (P < 0.001), but there was no effect of the outdoor access days on the body weight at 42 d of age (P = 0.161). The daily weight gain, daily feed intake, and feed per gain from 21 to 42 d of age were unaffected by outdoor access days (P = 0.401, P = 0.463, P = 0.223, respectively). However, the daily weight gain and daily feed intake from 42 to 56 and from 21 to 56 d of age increased linearly with increasing outdoor access days (P = 0.002, P < 0.001; P = 0.001, P = 0.004; respectively), while the feed per gain tended to decrease linearly from 21 to 56 d of age (P = 0.060). The mortality from 21 to 56 d of age was unaffected by outdoor access days (P = 0.261). At 56 d of age, the breast yield increased linearly with increasing outdoor access days (P < 0.001), while the foot yield decreased linearly (P = 0.016). The light (L * ) and red (b * ) values of leg meat color increased linearly with increasing outdoor access days (P = 0.032, P = 0.013, respectively). The spleen: the body weight ratio showed a decreasing and then increasing quadratic response to increasing outdoor access days (P = 0.047). The litter moisture content at 42 and 56 d of age increased linearly with increasing outdoor access days (P < 0.001, P = 0.013, respectively). The findings of this study suggest that increasing outdoor access days advantageously affects the body weight, daily weight gain, feed per gain and breast yield as well as the light (L * ) and red (b * ) values of leg meat color, while decreasing foot yield.
INTRODUCTION
Yellow-feathered broiler breeds are commonly used for free-range or organic chicken production in China and other Asian countries. The Suqin yellow chicken is one of them and is the most popular breed used in freerange or organic production in China. The body weight (BW) of a Suqin yellow chicken is about 1.5 kg at 42 d of age, and is about 2. The free-range system, without any confinement on birds, could decrease stress conditions and allow selection of strains that may increase the comfort and welfare of birds (Vanhonacker et al., 2008) . Birds under free-range systems have access to an outside area, which could promote foraging and activity, and thus theoretically improving the welfare (Hall, 2001; Zuo et al., 2011) . In recent years, welfare concerns have influenced sales of poultry products (Food Marketing Institute and National Council of Chain Restaurants, 2003 ). An increasing number of consumers are interested in purchasing organic or free-range poultry products as they believe that the products have a perceived superior sensory quality and meat security (Lewis et al., 1997; Fanatico et al., 2006; Latter-Dubois, 2000) . Nearly 10% of Americans surveyed reported that they regularly consumed organic products (Hisey, 2004) .
Housing systems vary widely from large stationary houses with yards to small portable houses that are moved frequently to new pastures, and genotype, age, sex, diet, density, environment, exercise, and pasture intake can affect the sensory quality and meat security (Gordon and Charles, 2002) . A better understanding of these factors and their interactions will help improve bird performance in free-range systems that may result in variations in the size of dressed carcasses and parts. Although there are some specific definitions for free-range and other specialty production of commercial broilers in United States and some European countries, the free-range standards of local chicken breeds are not clearly defined in China.
In the current study, the outdoor access system treatment is a simulation of the free-range treatment model. To our knowledge, the optimal time allowing birds access to outdoor remains unclear. The objective of the present study was to establish the effect of outdoor access days on growth performance, carcass yield, meat quality, and lymphoid organ index of a local chicken breed.
MATERIALS AND METHODS

Birds and Housing
This trial was carried out at the Poultry Institute, Chinese Academy of Agricultural Sciences (Yangzhou, 32
• 31 17.56 North, 119
• 30 30.97 East, 6.4 m above sea level) from October to November 2013.
For the duration of this experiment, the mean daily indoor and outdoor temperature and relative humidity (RH) were similar; mean daily temperature was 17.7
• C (range 10.3
• C to 25.0 • C) and RH was 60 to 75%. The indoor light period was 22 to 23 h. All animal handling protocols were approved by The Poultry Institute Animal Care and Use Committee.
In total, 1,200 one-day-old male Suqin yellow chickens were raised for 21 d. All the birds were raised in indoor floor pens that measured 1.42 × 1.42 m (2 m 2 , 18 birds/m 2 ) in conventional poultry research houses. Two feeders with supplementary feed and two 10-L water tanks were located inside each pen. The litter density was 275 kg/m 3 , and the height of litter in each indoor floor house was 10 cm (The litter was obtained from a commercial furniture company in Yangzhou, where the original bedding material was pine wood chips. Litter for the test came from the same batch of wood. (Red Star Macalline Co. Ltd., Yangzhou, P. R. China). Birds were vaccinated for Marek's disease, Newcastle disease, and infectious bronchitis at the hatchery. On d 21, 864 birds, with similar body weight (BW, 536 ± 36g), were selected. The other 336 birds were not used in the study. Two hundred and sixteen birds were allowed outdoor access treatments at 21, 28, 35, and 42 d of age, respectively (outdoor access for 35, 28, 21, and 14 days, respectively). Each treatment was represented by All the birds were raised in indoor floor pens that measured 1.42 × 1.42 m (2 m 2 , 18 birds/m 2 ) before being assigned to outdoor access treatments. In the outdoor access treatments, the chickens were raised in an indoor floor house that measured 1.42 × 1.42 m (2 m 2 , 18 birds/m 2 ) and an outdoor dirt paddock that measured 3 × 8 m (24 m 2 , 1.5 birds/m 2 ). The quality and height of litter in the indoor floor house was the same as that used in the conventional treatment. The paddocks outside were separated with 1.5 m high wall, 1 m high plastic mesh and with a plastic net at the top. The paddock outside was just a dirt area promoting activity, without any pasture. One feeder with supplementary feed and one 10-L water tank were located inside the broiler house, and one feeder and one 10-L water tank were outside. Birds were confined to indoor pens at night (18:00 to 06:00).
All birds were provided with the same diet (Table 1 ). Feed and water were freely available, and all diets were formulated to contain adequate nutrient levels as defined by the NRC (1994). Mortality was recorded when it occurred, and a cubical space was isolated by a wire net to make sure the density treatment was not affected.
Sample Collection and Analytical Determination
After fasting for 12 h, the birds were weighed at 21, 42, and 56 d of age. The BW by replicate was averaged per pen. The feed intake by replicate (pen) was measured on a weekly basis.
At 56 d, after fasting for 12 h before slaughter, 4 birds from each replicate were killed by exsanguination and subjected to a full postmortem examination.
The eviscerated carcass, breast meat (including pectoralis major and pectoralis minor), thigh meat (including thigh and drumstick), abdominal fat, lung, head, wing, leg (including thigh, thigh bone, and foot), thigh bone, and foot were weighed. Eviscerated carcass percentage was calculated as a percentage of live BW. The weights' percentage of breast meat, thigh meat, abdominal fat, lung, head, wing, leg, thigh bone, and foot were calculated as a percentage of eviscerated carcass weight. The weights of the liver, the spleen, the bursa, and the thymus were determined and organ to BW ratios were calculated.
Muscle samples were collected from the left side of the thigh muscle for meat quality analysis. Physicochemical characteristics of thigh muscle samples, such as waterholding capacity, shear force, meat color, and muscle pH were evaluated.
Water-holding capacity was estimated by determining expressible juice using modification of the filter paper press method described by Wiebicki and Deatherage (1958) as follows. A raw meat sample weighing 1,000 mg was placed between 18 pieces of 11 cm diameter filter paper and pressed at 35 kg for 5 min. Expressed juice was defined as the loss in weight after pressing and presented as a percentage of the initial weight of the original sample (Bouton et al., 1971) . Total water content was determined in duplicate according to AOAC (2000) procedures. The water-holding capacity was calculated as a ratio of water retained by the meat [(expressible juice/total moisture content)] (Allen et al., 1998) .
Shear force was determined using a texture analyzer and a Warner-Bratzler device (C-LM2, Northeast Agricultural University Ltd., Harbin, China). Muscle samples were stored at 4
• C for 24 h and were then individually cooked in a water bath at 80
• C in plastic bags to an internal temperature of 70
• C. The samples then were removed and chilled to room temperature. Strips [1.0 cm (width) × 0.5 cm (thickness) × 2.5 cm (length)] parallel to the muscle fiber were prepared from the medial portion of the meat and sheared vertically (Molette et al., 2003) . Shear force was expressed in kilograms.
The meat color of thigh muscle was evaluated using a Minolta chromameter CR-300 (Osaka, Japan). The readings were taken on equivalent positions of the thigh muscle. The tip of the chromameter measuring head was placed flat against the surface of the muscle. For each reading, 3 measurements were performed and the final value for each sample was the average of those readings. The meat color was expressed by the CIELAB dimensions of lightness (L), redness (a), and yellowness (b). The higher L * values are light, higher a * values are red, and higher b * values are yellow. The meat color evaluation was performed before the samples were frozen at −20
• C. The ultimate pH values of the thigh muscle were measured 45 min postmortem, using a portable pH meter (IQ150, IQ Scientific Instruments Inc., Carlsbad, CA) equipped with an insertion glass electrode. Before measurement, the pH electrode was calibrated, using 3 buffers with pH values of 4.01, 7.00, and 9.01. The samples were measured at the same place in the thigh muscle. The average pH value was defined through 3 times on the same muscle samples.
The samples of the litter were collected from the four corners and the center of the indoor house at 42 and 56 d of age. After the samples were returned to the laboratory, subsamples of the homogenized bulk litter were oven-dried (65
• C for 48 h) to determine moisture (AOAC, 2000) .
Statistical Analysis
Performance data were subjected to repeated measures analysis, with each replicate means as the experimental unit. The parameters were averaged per replicate. Prior to analysis, homogeneity of variance was examined and the normality of the data was verified. All data were subjected to ANOVA using the GLM procedure of SAS (SAS Institute, 2000) . The degrees of freedom (df) between treatments were equal to 3. The data were first analyzed as a complete randomized design with an individual unit as a random factor to examine the overall effect of treatments. Orthogonal polynomial contrasts were also used to determine linear and quadratic responses of birds to different freerange days (SAS Institute, 2000) . The significance of differences among treatments was tested by Duncan's multiple-range test. A level of P < 0.05 was used as the criterion for statistical significance.
RESULTS
Bird Performance
The BW (average cumulative BW), daily weight gain, daily feed intake, feed per gain, and mortality are shown in Table 2 . The BW of birds at 56 d of age increased linearly with increasing outdoor access days (P < 0.001), but there was no effect on the BW at 42 d of age (P = 0.161). The daily weight gain, daily feed intake, and feed per gain from 21 to 42 d of age were unaffected by outdoor access days (P = 0.401, P = 0.463, P = 0.223, respectively). The daily weight gain and daily feed intake from 42 to 56 and from 21 to 56 d of age increased linearly with increasing outdoor access days (P = 0.002, P < 0.001; P = 0.001, P = 0.004; respectively), while the feed per gain also tended to decrease linearly from 21 to 56 d of age (P = 0.060). The mortality from 21 to 56 d of age were unaffected by increasing outdoor access days (P = 0.261).
Carcass Yield
In the present study, no difference was noted in slaughter, eviscerated carcass, thigh, abdominal fat, head, wing, leg, lung, and thigh bone yields among the treatments (Table 3 , P = 0.899, P = 0.551, P = 0.832, P = 0.669, P = 0.237, P = 0.849, P = 0.255, P = 0.547, P = 0.316, respectively). However, the breast yield increased and the foot yield decreased linearly with increasing outdoor access days (P < 0.001, P = 0.016, respectively). 
Meat Quality
The effect of outdoor access days on meat quality is presented in Table 4 . The L * and b * values of leg meat increased linearly with increasing outdoor access days (P = 0.032, P = 0.013, respectively). However, no significance was noted in the shear force, muscle pH, water-holding capacity, and the a * value of leg meat (P = 0.507, P = 0.692, P = 0.880, P = 0.337, respectively).
Lymphoid Organ Index
Lymphoid organ weights and the organ to BW ratios are shown in Table 5 . The spleen: BW ratio showed a decreasing and then increasing quadratic response to increasing outdoor access days (P = 0.047). However, there was no effect of outdoor access days on weights of the liver, thymus, bursa, and the organ to BW ratios (P = 0.602, P = 0.400, P = 0.331; P = 0.275, P = 0.514, P = 0.357, respectively).
Litter moisture content
The litter moisture content at 42 and 56 d of age increased linearly with increasing outdoor access days (Table 6 , P < 0.001, P = 0.013, respectively).
DISCUSSION
Bird Performance
The results indicated that there was no effect on the BW at 42 d of age, but the BW of birds at 56 d of age increased linearly with increasing outdoor access days. The daily weight gain, daily feed intake, and feed per gain from 21 to 42 d of age were unaffected by outdoor access days, but the daily weight gain and daily feed intake from 42 to 56 and from 21 to 56 d of age increased linearly with increasing outdoor access days, while the feed per gain tended to decrease linearly from 21 to 56 d of age. The data of this study suggested that, in general, the BW, daily weight gain, and daily feed intake were unaffected when the birds were turned to the outdoor access raising system for the first few weeks, but increased when the birds were raised for more weeks as they had adapted to the environment.
Exercise, stocking density, and genetics could have contributed to some of the differences between the results of the current study and the other studies (Castellini et al., 2002; Ponte et al., 2008; Wang et al., 2009 ). In the current study, the birds being assigned to outdoor access treatments for more days had more space to move around and would be more active because of low stocking density. There was one feeder and one water tank inside the broiler houses, and it was the same outside. The birds were able to access food more freely in the low-density pens. The breed used in the current experiment was not the same as that used in other studies (Castellini et al., 2002; Wang et al., 2009) . Therefore, exercise, stocking density, and genetics could explain the effects of outdoor access days on feed intake and feed conversion in this experiment. The data of this study suggested that, in general, birds assigned to outdoor access treatments for more days could achieve the optimal production performance.
Carcass Yield
In the present experiment, we noted that the breast yield increased and the foot yield decreased linearly with increasing outdoor access days, which was in accordance with many previous results (Ricard, 1977; Lewis et al., 1997; Castellini et al., 2002; Wang et al., 2009; Fanatico et al., 2008) . Lewis et al. (1997) found that a low stocking density increased breast yield compared with a high stocking density; Ricard (1977) and Castellini et al. (2002) also found that the percentages of breast and thigh meat increased when birds had an outdoor access. In some other reports, there was no effect of the outdoor access production system on breast, thigh, and wing yields (Wang et al., 2009; Fanatico et al., 2008) . We also failed to note a similar trend in thigh yield as the outdoor access days increased.
The outdoor access raising system has many factors, such as temperature, photoperiod, and light intensity, which are not controlled and are inherently variable.
Furthermore, birds in those other studies had access to pasture and the various forages, insects, and worms (Wang et al., 2009; Fanatico et al., 2005 Fanatico et al., , 2008 . However, in this study, all birds were actually exposed to the same temperature fluctuations because the treatments shared a common research facility, a building that is naturally ventilated, and the trial was conducted from October to November when the weather was mild and did not fluctuate widely. The trial was conducted during an optimal time for bird comfort. In addition, the paddock outside was just a dirt area promoting activity, without any pasture, insects, or worms. The only difference among the four treatments is the exercise. In the current study, the birds assigned to outdoor access treatments had lower stocking density compared with that in the conventional treatment. The birds assigned to outdoor access treatments for more days would be able to access food more freely, whereas the indoor birds just grouped around the feeder or rested instead of exercising. Therefore, the stocking density and exercise could explain the effects of outdoor access days on performance in this experiment. The results suggested that birds assigned to outdoor access treatments for more days could achieve the optimal breast yield.
Meat Quality
Meat color is one of the first characteristics noted by customers, especially in boneless products, and is also an indicator of meat quality (Fanatico et al., 2005 (Fanatico et al., , 2008 . Birds switched to outdoor access treatments for more days had higher b * values, which indicated their meat was more yellow. This interaction was in agreement with previous work (Fanatico et al., 2005) . When the birds had access to the outdoors, their skin became even more yellow than when indoors (Fanatico et al., 2008) . In addition, the access to pasture and, thus, more ingestion of carotenoids could further explain the effect of outdoor access on the b * value in their report (Fanatico et al., 2005 (Fanatico et al., , 2008 . However, in the current experiment, the paddock outside was just a dirt area promoting activity under the outdoor access system, without any pasture, insects, or worms.
The L * value indicates the degree of paleness and is associated with poor meat quality; pale, soft, and exudative meat is an increasing problem in the poultry industry (Baeza et al., 2002) . In the present trials, the L * value of meat increased linearly with increasing outdoor access days. In accordance with previous work (Castellini et al., 2002) , the organic production system with outdoor access resulted in higher paleness values compared with the indoor system. In contrast, Fanatico et al. (2007) found that the meat of the indoor birds had higher L * values (paler meat) than outdoor birds. These differences in trends of meat paleness might be related to the differences in environmental conditions and the genetics used in each study.
In the present experiment, there was no difference in the water-holding capacity, tenderness, and muscle pH of the thigh muscle. Water-holding capacity is important in whole-meat and further-processed meat products. Lower water-holding capacity indicated losses in the nutritional value through exudates that were released, and this resulted in drier and tougher meat (Dabes, 2001) . Tenderness can be defined as how easy the meat can be chewed or cut, is considered as the most important by consumers (Bilgili and Hess, 1995) . Muscle pH is a parameter in terms of preservation and stability of meat, and it is known that a high muscle pH results in shorter shelf life stability, especially as it pertains to microbial growth (Bendall, 1973) . Exercise is an important factor affecting the water-holding capacity, tenderness, and muscle pH of tissues. The exercise was different as the birds were assigned to outdoor access treatments for different days in this experiment. However, the biggest difference of the days switching to outdoor access was at day 35, and the difference of motor activity might not reach the critical value influencing the water-holding capacity, tenderness, and muscle pH. Ambient temperature is another factor. However, there were no differences in temperature among the treatments in this study. In this study, all birds were actually exposed to the same temperature fluctuations because the treatments shared a common research facility, a building that was naturally ventilated, and the trial was conducted from October to November when the weather was mild and did not fluctuate widely. The trial was conducted during an optimal time of year for bird comfort. Therefore, the ambient temperature in this experiment might not be enough to change the water-holding capacity, tenderness, and muscle pH.
Lymphoid Organ Index
Measures of immunity that have been commonly used and assessed in poultry are lymphoid organ weights and the organ to BW ratios (Pope, 1991) . The present result was similar with Heckert et al. (2002) , who reported the density treatments did not affect the bursa weight. Similarly, in a recent study, no effects of density were found on the absolute bursa weight or the bursa: BW ratio of birds reared at densities of 8, 19, 29, 40, 45, 51, 61 , and 72 birds per 3.3 m 2 (Buijis et al., 2009 ). The spleen: BW ratio showed a quadratic response to increasing outdoor access days, suggesting that the birds have gradually adapted to the environment as the outdoor access days increased, and spleen was the only lymphoid organ responding to outdoor access days in this experiment.
Litter moisture content
A large-scale experiment conducted on commercial broiler farms showed that the environmental problems, such as air and litter qualities are the key points responsible for bird health and mortality (Dawkins et al., 2004) . Glebocka (2008) suggested that the ideal litter contains 20 to 25% moisture. The temperature was the main factor affecting moisture (Miles et al., 2011) . This trial was carried out from October to November 2013, and the mean daily temperature and RH were 17.7
• C and 60 to 75%, respectively. The highest litter moisture content in this trail was 26.96%, while the minimum was 19.88%. Our findings suggested that the litter moisture content at 42 and 56 d of age increased linearly with increasing outdoor access days, while the litter moisture content was not the main contributor affecting carcass yield, meat quality, and lymphoid organ index of birds in the present study.
In conclusion, the findings of this study suggest that increasing outdoor access days advantageously affects the BW, daily weight gain, feed per gain, and breast yield as well as the light (L * ) and red (b * ) values of leg meat color, while decreasing foot yield.
